The SLAC NLC design for a next-generation linear collider utilizes multibunching (acceleration of a train of bunches on each RF fill) to increase the luminosity and energy efficiency. It is necessary to control the energy spread of the beam, in order to minimize chromatic emittance dilution and be within the energy acceptance of the final focus. It is anticipated that the NLC may run with bunch trains having length equal to a substantial fraction of the filling time. Multibunch energy simulation methods and compensation schemes appropriate to this regime are presented.
INTRODUCTION
Utilizing multibunching in a next-generation linear collider (NLC) requires that the energies of the bunches be tightly controlled. To be within the acceptance of the final focus system and to control chromatic emittance dilution in the linac, 6EIE needs to be less than about 0.15%.
By adjusting the timing of injection of the bunch train with respect to the RF pulse, and choosing the bunch spacing appropriately, one may cancel most of the energy variation between bunches in the train. The basic idea is to have the RF' structure fill with sufficient extra energy between bunch passages to make up for the energy lost in accelerating the preceding bunches in the train. However, with the simplest form of this "matchedfilling" scheme [l], there is a "sag" in energy at the middle of the bunch train, and the longer the bunch train the greater the sag. In this paper we shall focus on compensation that permits running longer bunch trains ( w a filling time) while maintaining an acceptable energy spread. Long trains are under consideration as a way of obtaining the maximum possible luminosity and energy efficiency.
We begin by discussing the factors that affect the energy spread of the beam. A detailed simulation program has been written, the elements of which are outlined here. In this simulation, one may take account of input RF pulse shaping and timing, the dispersion of the RF pulse as it transits the structure, the longitudinal distribution of charge within the bunches, the long range wake (LRW) including both the fundamental (accelerating) mode and hi her order modes (HOM's), the short range wake (SRWY, and phasing of the bunches with respect to the crests of the RF. We shall focus only on the inter-bunch energy spread in the present paper.
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BASIS OF SIMULATION
We begin by considering a single accelerating section, fed at its upstream end by an input R F waveform that travels to the other end and is absorbed in a load. At some specified time with respect to the entry of the RF pulse, a train of relativistic (U = c) bunches enters the structure, and the electrons in each bunch are accelerated by the fields (sum of RF pulse and wake fields) they encounter in the structure. The total charge in each bunch is divided into a finite number of longitudinal slices, small enough that the longitudinal position and the energy gain of the electrons in a given slice may be taken to be equal.
The total voltage gained in the section by slice T of bunch n may be broken down into
We denote the time of entry of this slice into the section by t,,,,,, and longitudinal position in the section by s, where s runs from 0 to the structure length L, and consider each of these three contributions to the total section voltage gain.
The voltage AV$ due to the RF pulse is
where E f f (s, t) is the field of the RF waveform at location s and time t , obtained by propagating the input R F pulse E'f(0, t ) down the structure. Let us specify the input RF pulse as
The accelerating frequency wp j is assumed to have phase velocity in the structure equal to c and thus is synchronous with the charges to be accelerated.
If we neglect dispersion, i.e., assume the group velocity vg is the same for all frequency components in the pulse (though it may in general still depend on s), we have
E P f ( s , t ) = & ( t -j $ )

(4)
In reality, dispersion makes the shape of the RF pulse change as it propagates through the structure, particularly for a sharply varying envelope &(t). Thus, one should Fourier analyze the input pulse, Here we assume that the structure can be modelled locally as a band-pass filter, though its properties may change gradually with s.
(Y may be assumed independent of U, and a good approximation to p(w, s) is For a narrow-band structure with small attenuation [2],
where d is the structure period (cell length), WO(S) is the mid-band frequency, and whw(s) the half-width of the passband. In the usual situation, the accelerating mode lies in the range of p between 0 and "Id; it is common to choose P(wpf, s)d = 9.
The long range wake voltage AV$" felt by the slice is where El'"'(s,t,j) is the field at location s and time t, due to the wake left by bunch j.
There are two simpler special cases of particular interest. One is the constant-impedance (CZ) structure, made of identical cells so that its properties such as vg, a, etc., are independent of s. For the CZ structure, we have
The other special case is the constant-gradient (CG) structure, which when unloaded has constant electric field along the structure when fed with a constant amplitu& input pulse. Thus the attenuation coefficient (Y for the electric field is zero. For such a structure where L ' l-f-,r We assume T (shunt impedance per unit length) and Q are approximately independent of s. For the CG structure, E P f ( S , t) = -?r 1 wTu' r... (.) cos[wt -B(w, s) ]
where B(w, s) may be derived analytically [3] . The lim& wlo and wUp are the lower and upper passband boundaries of the fundamental mode. The CG structure is a fairly good representation of the detuned structures being contemplated for the SLAC NLC design.
Denoting the time when bunch j enters the structure by tyl, and neglecting dispersion, we have for the LRW voltage in the CZ case:
Here the sum m runs over the modes in the wake (fundamental and HOM'S); Km is the IOSS factor, &m the quality factor, and vg,m the group velocity of mode m.
F m , j is a form factor that depends on the charge distribution of bunch j; for a Gaussian distribution, F m , j = exp(-w;0,2,~/2).
In future ,linear collider designs, the bunch length is very short, and we may take Fm,j = 1. H(t) is'the unit step function.
The contribution of the fundamental mode to the LRW in the CG case is 8 E~" ( S ,
(13) where and q is assumed to be independent of s. The HOM's in non-CZ structures may be treated by equivalent circuit models [4] , but this is beyond the scope of the present paper. the structure, to compensate the "sag" one would otherwise get in the middle of the bunch train. Such a scheme may be the best for trains which are of order a half of the filling time in length.
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